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Synopsis

The copolymer compositions as a function of molecular weight for three poly(styrene-co-vinyl
.stearate) copolymers of widely varying conversion were determined. A combined gel permeation
chromatography-infrared spectroscopy method was used. Theoretical changes in copolymer
composition were calculated using reactivity ratios. Comparison of the calculated and observed
changes in copolymer composition as a function of molecular weight showed qualitative agree-
ment. However, the observed changes in composition were significantly larger than those calcu-
lated.

INTRODUCTION

In part XXXVI of this series,! a rapid technique was described for deter-
mining copolymer composition as a function of molecular weight. This
method, with some modification, has ’been used to determine the composition
as a function of molecular weight of three poly(styrene-co-vinyl stearate) co-
polymers described in Table I. The variation of compositional heterogeneity
with conversion has been treated theoretically by Skeist.2 A simplified
method of calculation of the Skeist treatment has been reported by Kruse.?
Littie experimental testing of the relationship of compositional heterogeneity
and conversion has been reported. ‘

The conversions of the three aforementioned copolymers varied widely.
The compositional heterogeneity of these copolymers was compared in order
to assess the effect of the differing conversions. Further, the compositional
heterogeneity was calculated for each copolymer and the theoretical com-

- pared tc-the observed heterogeneity.



TABLE I*

Feed Overall
composition, composition,
Sample mole-% vinyl % % w/w
no. . stearate Conversionb styrenec.d
422-103-1 .10 87.3 84.96
422-103-2 L TR -7 . SRR 81.18 €I'>ivh

422-103-5 . 50 20.6 - 92.72

-

a Data in this table were taken from ref. 4.

b All copolymerizations done in bulk at 60°C for 72 hr. Copolymerizations 1 and 2
were run uninterrupted with 0.2 mole-% azobisisobutronitrile (AIBN).  Copolymeriza-..
tion 5 was run 24 hr with 0.2 mole-% AIBN and then interrupted, another 0.2 mole-%

AIBN added, and continued.
¢Based on carbon—hydrogen analysis with oxygen obtained by dnfference

d Residual monomer was extracted from the copolymers with portions (5 to 1 based °
on polymer) of methanol at the boiling point for.1 hr until an aliquot of methanol
failed to produce turbidity when added to water, indicating the absence of monomer.

Four or more extractions were done on each copolymer sample.

The experimental apparatus-has been described in-detail previously.}- It--
consisted of a gel perfiréation 'chromatograph' (built in house) with a'4.0-cc in-"~
jection loop, five Y-iri;;"I-meter columns (1250 A, 370 A, 2000 A, 200 &, and’
1000 A nominal exclusion limit deactivated porous glass beads), and .a Per-_
kin-Elmer (Norwalk, .Conn.).21 infrared spectrometer as-a detector. . The IR .
detector was fitted with a refracting beam condenser and a 3-mm pathlength,
50-microliter flow-through cell. Solutions of copolymers were made in tetra-
chloroethylene (Fisher Scientific Co., technical grade) at a concentration of
15.00 mg/cc by heating just below the boiling point for5°to 10 min. They
were chromatographed, as in the previous work, using 4.0-cc injections for a...
total sample load of 60.mg, in stop-and-go fashion with infrared spectra bemg
scanned at each syphon dump event over the elution range of the copolymer. ..
Concentrations of each comonomer were obtained by direct calibration by
measuring the absorbance of a single peak for each comonomer. Fxgure lh_
shows a ‘GPC curve, and a stop -and-go GPC curve, showing the IR spectrum.
of the 5.0- to 7.0-micron.region of one of the 50-microliter fractions taken at a. .

particular syphon dump event, for sample 422-103-1. . It was shown that. the';
" peak at 5.680 microns (1760 cm™!) was due only to vinyl stearate, the carbon-
yl stretching vibration. The peak at 6.655 microns (1503 cm™!) was shown to.
be due only to styrene, an aromatic ring vibration. This was checked by de-
termining a calibration curve (absorbance versus concentration) for poly(vi-
nyl stearate) homopolymer at 5.680 microns (1760 cm™!) and a calibration
curve for polystyrene homopolymer at 6.655 microns (1503 cm™!). Then
these same calibration curves were redetermined using 50% w/w mixtures of
poly(vinyl stearate) and poiystyrene homopolymers The calibration curves
were eqmvalent within’ expenmental error at each wavelength. - These data
are presented in Figure 2. The calibration curves.used were obtained by
drawing the best curves, shown as solid lines in Figure 2, through the two sets

of data collected at éach wavelength. - - -



. 011981 Swnjoa uoKN(a 90 6°'gg a3 Jo umnaoads Y ayy Suimoys 3deo
“W V 88 sweg °1-g01-gg ajdwes jo saInd HJr) moy dojs (g) ‘uosuedxa ojeas pAw .coﬂ.—“oo oy
M SwIN[oA :o_..oo_._._u "PeqIOsIp wasAs ayy uo una 1-g1-zzy ejdwies o aaino odD (V)1 3y

(suosdjw )
yibuojanom
YON /93 |°C ‘ own, ' y
€ oA vonni3 oL .09 o9 YIOW /99 '€ ' awnjoA uoiniy
ool _,
g
S
VI o7
“‘I” l.e-
J g88 g8 Hor
22 i
&3 ]
= . = 1%
3
g 3 ]
“ s q |
i °

WIOW /32 1'E * ownjoA uoyin3

402

3inY 349 104
SUOLIWSUDIL %

WN3193dg Ss0soy puo
(MR0L62) EIb € 10 @

WI0E62) "SIt 10 3D WSUDI| %



Elution volumes were converted to “working” molecular weights, as in the
previous paper,! by using a polystyrene and vinyl stearate calibration curve
(Fig. 3). o : '

Vinyl stearate was chosen as the lowest molecular weight standard since it

as expected that its elution volume would be representative of the lowest
molecular weight species in the copolymers. The extrapolations of the curve
/in Figure 3 were used to obtain molecular weights for elution volumes outside
the range of the standards used.

RESULTS AND DISCUSSION

- The composition data for the three poly(styrene-co-vinyl stearate) copoly-
mers are tabulated in terms of syphon dump numbers in Table II. Figure 4
shows a plot of the mean weight per cent styrene in the copolymer versus log
“working” molecular weight for the three copolymer samples. -

The theory of Skeist? as modified by Kruse® was used to calculate the theo-
retical compositional heterogeneity in order to compare this with the ob-
served heterogeneity. The values of the reactivity ratios were r; = 68 + 30
.and rz = 0.01 £ 0.01, where styrene is monomer 1 and vinyl stearate is mono-
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Fig. 2. Calibration data for the determination of vinyl stearate and styrene in poly(styrene-
co-vinyl stearate) copolymer: (®) for vinyl stearate from poly(vinyl stearate) homopolymer, ab-
sorbance at 5.680 microns (1760 cm~1); (m) for vinyl stearate from poly(vinyl stearate) and poly-
stryene 50% w/w mixture, absorbance at 5.680 microns (1760 cm™); (A) for styrene from polysty-
rene homopolymer, absorbance at 6.655 microns (1503 cm~1); (@) for styrene from poly(vinyl

- stearate) and polystyrene 50% w/w mixture, absorbance at 6.655 microns (1503 cm™!). The
upper curve was used to obtain poly(vinyl stearate) concentrations while the lower curve was
used to obtain polystyrene concentrations.




mer 2, as determined for their radical initiated copolymerization at 60°C in
bulk.5:6 Figure 5 shows the calculated compositional change for the three co-
‘polymers as weight per cent styrene in the copolymer versus conversion, p.
Table III compares the observed and calculated copolymer compositional
changes as a function of degree of conversion. The observed changes in com-
position agree qualitatively with those predicted from theory in that for the
higher-conversion samples (422-103-1 and 422-103-2), the change in composi-
tion was larger than for the low-conversion sample (422-103-5). The ob-
served values are significantly different than those predicted for the mea-

Log Molecular Woigb'
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\
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- Fig. 3. Calibration curve for GPC system using bolystyrene na?row MWD standards (Pressure
Chemical Co.) and vinyl stearate monomer. Sge‘ text for explanation of extrapolations.



Copélymer Oomposition

TABLE II
as a Function of Molecular Weigh

Sample 422-103-1

Sample 422-103-5

Sample 422-103-2

Mean weight Mean weight . Mean weight
» “Working"” per cent styrene “Working” per cent styrene “Working” ‘per cent styrene
Syphon  molecular with average molecular with average molecular with average
dump weight deviation of weight deviation of weight deviation of
no. M log M . duplicate runs? M log M duplicate runs M log M triplicate runs
12 1.37(107) 7.14 95.54 + 0.23 -_ —_— —_ -_ —_ -
13 4.20(10¢) 6.62 97.27 + 0.19 4.16(10%) 6.62 97.69 + 0.28 —_ —_ —
14 1.35(10¢) 6.13 97.69 + 0.20 1.35(10%) 6.13 97.46 + 0.24 1.45(10¢) 6.16 93.72 + 1.61
15 4.41(10%) 5.64 98.27 + 0.10 4.45(10%) 65.65 97.74 + 0.01 4.88(10%) 5.69 92.71 + 0.16
16 1.55(10%) 5.19 98.69 + 0.13 1.57(10%) 5.20 98.06 + 0.00 1.72(10°%) 5.24 9299 + 0.17
17 7.50(10%) 4.88 98.27 + 0.25 - 7.52(10%) 4.88 98.10 ¢+ 0.02 8.31(10%) 4.92 92,64 + 0.31
18 4.98(10%) 4.70 96.64 + 0.32 4.84(10%) 4.68 98.21 + 0.34 5.51(10*) 4.74 90.90 + 1.10
19 3.67(10%) 4.56 63.84 + 0,05 2.82(10%) 4.50 83.88 + 0.27 2.60(10%) 4.41 89.21 : 0.36
20 1.53(10%) 4.18 13.38 + 1.94 1.28(10%) 4.11 35.68 + 0.87 9.72(10%) = 3.99 63.15 + 1.22
21 1.18(10%) 3.07 3.75+ 0.15 1.21(10%) 3.08 0 10.00 9.73(10%) 2.99 29.85 + 0.72
22 25.82 1.41 0 :0.00 25.82 141 0 :0.00 25.54 141 19.11:+ 1.53

8 Weight per cent vinyl stearate is the difference totaling 100%.
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Fig. 4. Mean weight per cent styrene in poly(styrene-co-vinyl stearate) vs. log “working” mo-
lecular weight for samples 422-103-1, 422-103-2, and 422-103-5.
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Fig. 5. Theoretical compositional heterogeneity for samples 422-103-1, 422-103-2, and 422.
103-5, expressed as weight per cent styrene in the copolymer vs. conversion p.



: ' TABLE Il :
' gg)mpa}:igon of Predicted and Observeg Copolymer Compesiticns t6r
o Poly( Styrene-co-Vinyl Stearate)

Siyrene in copolymer, wt-%

S_;ajﬁple » Sample %ﬁh j:HJf .
422:103:1 221087 4105

el _zzuazz 221035

Pre:  ‘ob- Pre- ok PREc oy

P, ifted seved  p  dicted: sevedr p  cegier SRV

87 9822 93%y"

to. . *'teo ' t&o‘

. 00 0000 1831
o, 99.6. 0 98.9: 00 98355
08733, 982 0.5442  985- 02086 93¢
1 781’ 1 57.3: 11 284!

Experimentally determined conversion, see Tahle d.’

: : TABLE IV o ,
C%xgg] ison of Predicted and Observedxcwgmarec&ﬁmﬁéwr
v ) quy(Vinyl Chloride-co:yiﬁyi58t§ante99 :

Vinyl stearatetinivoguly ise w59 &

Rabare

P, ‘ Predictede obbrpegeC
7979777
toto .
~ . 8.#181
0. 66.06 -
0-%3933; T - 66.39 :
1. 66.66 -
*Experimentally determined conversion, see refref, 1. -

sured degree of conversion; and if the degree of converston 43 dsianicd 8 Fp e 1.
the observed and predicted values are still notiin agreernentint. _
rqurrnggls)gsjr@pggﬁed{ measurements of copolymer eompogition s & farfil <

tion of mo ecular weight have been recalculateak»mingim&mﬁfﬁy’fﬁﬁééiih“eii"'-%'
sured by Maryel.and DePierri.5 Table IV shows thata similar lackeef qaantis

tative agreement was found in this case, also. - o
n _essggitlally invariant copolymer composition: was ebserved for all i:hre'eh“
copo yme;;s Aacross most of the molecular weight-distribution; and it-was'only

at low MOI%QXL};@{ weights that radical variation:in: composition 'was cbhserved.

This’ yi'(a’sisgmnlar to.the results obtained for poly{vinyl chleridé-eo-vinyl stea- .
rate_)af;_'gi;egxgqglyb The poly(styrene-co-vinyl :stearats)i'@op@l?r@ék’é*%féiej;t- _‘
hau{st,ig,‘e;lj‘s;xtltﬁPted with methanol to remove monomery:<Theréfore, it ap-

pears. grjli-t‘:l\yr;t"}iat‘residual vinyl stearate monomer-taused the ra‘pfddnft »
w3 (',:é-.ﬁrig}!f‘,‘?jﬁ’)fl stearate.compositions at low moleculatoweights " Thus! ‘the

material which eluted at 65.49 cc was apparemtdgmpblymériéeéhd%?&g rx‘ia»si-,u:fual
vinyl :5@3{&@; monomer. Copolymer samplespd@2-10310 anid 244929039 had



bimodal molecular weight distributions, and sample 422-103-5 had a long low
molecular weight tail. The rapid change in copolymer composition at low
molecular weight may be related to the bimodal molecular weight distribu-
tions. ' .

Further experimental investigation is necessary in order to explain the dis.-
agreement between the observed and predicted compositional heterogeneity.

A portion of this work Wwas supported by the National Science Foundatijon through Grant No.
MPS 75-01915. .
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